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[57] ABSTRACT

A rod construction has an inner core of high tensile
strength such as a rod or bar of high tensile steel. The
reinforcement core has a plurality of surface indenta-
tions, preferably uniformly arranged at spaced intervals
along the length of the core periphery. Layers of ten-
sioned longitudinal and spiral filaments embedded in a
resin matrix are formed about the core periphery so as
to provide a rod of excellent strength and corrosion
reststance. Also a rod is formed by spirally winding on
a rotating assemblage of longitudinal filaments.

12 Claims, 17 Drawing Figures
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FILAMENT ROD CONSTRUCTION AND
METHOD OF FORMING THE SAME

This is a division of application Ser. No. 684,098 filed
May 7, 1976, now U.S. Pat. No. 4,063,838.

FIELD OF THE INVENTION

This invention relates to a rod construction, and more
specifically pertains to a rod construction particularly
adapted to function as a sucker rod in production oil
wells. )

In a production oil well in which the subsurface pres-
sure is insufficient to effect oil flow, the oil may be
elevated by subsurface pump having its discharge barrel
connected to the bottom of a string of tubing. The pump
plunger is operated by sucker rods passing up through
the tubing. The sucker rod string is reciprocated in the
vertical plane by actuating means at the surface and the
oil is pumped to the surface through the tubing string.

In the course of such reciprocation, long rod strings
are subjected to severe flexing and tensile stresses since
the rod string must not only be self-supporting but, in
addition, must support the head of oil in the well tubing
disposed above the pump plunger in which the rod
string is reciprocating. It is also known that oil produc-
tion from different fields varies in corrosiveness and the
resulting degree of attack on the rods; such attack may
be so severe as to result in metal rod failure after short
periods of use.

BACKGROUND OF THE INVENTION

Although the prior art has recognized the desirability
of plastic-surfaced sucker rods as in Brown U.S. Pat.
No. 3,212,582 for purposes of reducing paraffin build-up
on such sucker rods, the art has not suggested the use of
a partially plastic, glass-reinforced sucker rod construc-
tion for purposes of providing superior strength as well
as superior operating characteristics.

In accordance with one embodiment of this inven-

tion, a novel rod construction comprising a core of high
tensile material such as 4130 steel is embedded within an

outer shell of glass filament-reinforced cured resin. The
tensile strength provided by the shell provides the com-
posite rod construction with excellent tensile strength
and flexing characteristics, although lighter in weight
than a steel rod of comparable size. The provided rod,
in addition to the exceptional strength characteristics,
possesses the corrosion resistance of a chemically inert
resin, a most desirable characteristic when employed in
oil field operations.

It is an object of this invention, therefore, to provided
a novel, composite rod construction comprising a high
tensile steel core encapsulated in a cured resin shell
reinforced by glass filaments.

It is a further object of this invention to provide a
reinforced sucker rod construction having a superior
flexural modulus, of optimum weight which is of less
weight than a rod of solid steel so as to minimize energy
consumption in the course of pump operation while
being of adequate weight so as to allow efficient inser-
tion into a well tubing in the absence of excessive flex-
ing and “floating.”

It is another object of this invention to provide a rod
construction having shear-resistant threads integrally
formed in a female coupling end by use of a novel rein-
forcing band embedded in said end. Such threads may
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2

also be formed in a discrete coupling member adapted
to engage the pin ends of joined rods.

It is a further object of this invention to provide a
novel method of forming a sucker rod construction in
which the excellent tensile strength of glass is employed
to contribute to the overall tensile strength of the rod
construction.

It is another object of this invention to provide a
novel rod construction consisting of longitudinal and
spiral layers of glass filaments under tension embedded
in a matrix of cured resin which is of exceptional tensile
strength and corrosion resistance and particularly
adapted for use in applications requiring such desired
properties as well as light weight.

The above and other objects of this invention will
become apparent from the following detailed discussion
when read in the light of the accompanying drawing
and appended claims.

In one embodiment of this invention a longitudinal
assemblage of glass roving strands is positioned about
the periphery of a high tensile steel core, parallel to the
core axis and placed under tension. The glass filaments
comprising the strands are preferably untwisted to elim-
inate self-cutting action thereof. The steel rod or bar
comprises the core of a composite rod construction in
which a cured resin shell is disposed about the entire
outer core periphery. |

The steel core may be threaded or provided with
regularly spaced annular indentations disposed along
the core axis and arranged substantially normal to said
axis. The glass filament or strand assemblage is locked
adjacent opposed ends of the core while in the ten-
sioned state, and saturated with a hardenable epoxy
resin composition. With the resin in the uncured state,
spiral windings of resin-saturated glass roving are
wound along the core length so as to urge the longitudi-
nal glass filaments into the surface indentations.

Additional layers of resin-saturated longitudinal
strands and spiral windings are applied to the core until
a rod of desired dimensions is formed. The resin is then
cured at desired curing temperatures, care being taken

during the cure to avoid separation or delamination
between the core and.the surrounding resin jacket. In

accordance with another embodiment of this invention
each spiral filament layer comprises two strata of fila-
ments wound under tension about the underlying, rotat-
ing rod core portion, with the tension imparted by each
layer spiral component being neutralized by the other
spiral component as will hereinafter be explained in
greater detail. |

Resin male teeth may be formed about the external
periphery of one completed rod end by means of an
appropriate male thread mold. A reinforcing metal band
may be centrally embedded in the resin shell at the
opposed coupling rod end having female threads
therein. Such teeth may be formed adjacent the inner
periphery of the reinforcing band by means of a female
thread mold as will hereinafter be explained in greater
detail.

In an embodiment of a rod construction formed in
accordance with this invention, the core reinforcement
above described is omitted and the rod consists of ten-
sioned longitudinal spiral filament layers embedded in a
resin matrix. The innermost center “core” or layer of
such a rod comprises longitudinal resin-saturated fila-
ments under tension rotated as a unit and about which
are wound resin-saturated spiral filaments under ten-

- sion. The spirals are wound simultaneously in such a
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manner whereby the tensions on the rotating, partially
formed rod portion exerted by the spiral filaments offset
each other, resulting in a straight rod construction of
high tensile strength and corrosion resistance.

For a more complete understanding of this invention, 3
reference will now be made to the drawings wherein:

FIG. 1 i1s a fragmentary elevational view of a
threaded core member which may be employed as a
reinforcing element in one embodiment of the rod con-
struction provided in accordance with this invention; 10

FIG. 2 1s a fragmentary elevational view of a modi-
fied reinforcing core element which may be employed
in a reinforced rod construction of this invention;

FIG. 3 is a fragmentary perspective view, partly
broken away, illustrating a reinforced rod construction 15
made in accordance with this invention in the process of
being formed, together with apparatus employed during
formation; |

FIG. 4 is a fragmentary perspective view of a rod
member formed in accordance with the teachings of this
invention, partly broken away, and illustrating clamp-
ing members in spaced-apart relationship with end por-
tions of the partially-formed, reinforced rod,;

FIG. 5 is a perspective view, partially broken away,
of a reinforced rod construction made in accordance
with the teachings of this invention having male threads
formed on the left-hand end thereof and having male
threads in the process of being formed on the right-hand
end thereof; | 10

FIG. 6 is a fragmentary sectional view of an end
portion of a reinforced rod construction made in accor-
dance with the teachings of this invention in which
female threads are formed integrally in a coupling end
portion of such rod construction; 35

FIG. 7 is a longitudinal sectional view of a mold
member adapted to form male threads on the exterior
end surface of a reinforced rod construction made in
accordance with the teachings of this invention; |

FIG. 8 is a fragmentary elevational view, partially 44
broken away, of a rod construction made 1n accordance
with the teachings of this invention having male threads
formed on one end portion and transverse female
threads formed on the opposed end portion thereof;

FIG. 9 is a sectional view of a glass reinforced rod 45
member having a central reinforcing metal core;

FIG. 10 is a sectional view similar to FIG. 6 of a
coupling member and female thread forms disposed
therein, the coupling having opposed female threads
adapted to receive the male threads of rods formed in 5¢
accordance with the teachings of this invention such as
the male threads of the rod illustrated in FIG. 5 of the
drawings;

FIG. 11 is a somewhat schematic, side elevational
view of opposed glass filament reels in the course of 55
simultaneously feeding spiral wraps onto a central, par-
tially-formed rod construction having no reinforcing
COrTeE; |

FIG. 12 is a top plan view of apparatus employed in
forming a glass reinforced-resin rod having no central 60
core reinforcement;

FIG. 13 is a transverse sectional view of a rod formed
in accordance with this invention having no central
core reinforcement;

FIG. 14 is a side elevational view of a chucking de- 65
vice which may be employed to securely engage op-
posed ends of a partially formed rod for purposes of
rotating the same during formation thereof;
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FIG. 15 1s a fragmentary elevational view of appara-
tus elements adapted to form a glass-reinforced resin
rod having no core reinforcement; and

FIGS. 16 and 17 are fragmentary elevational view of
rod members formed in accordance with this invention
having no central reinforcing core.

Referring now more particularly to FIG. 1, a frag-
ment of a threaded rod which may form the reinforcing
core of a rod construction made in accordance with the
teachings of this invention is illustrated. Core fragment
10 1s seen to possess a regularly formed thread thereon
such as may be formed by a thread die. An alternative
core construction may comprise core fragment 12 illus-
trated in FIG. 2 in which regular indentations 14 may be
formed by grooved wheels or the like which have
pressed against and deformed the outer periphery of the
rotating rod fragment 12. Such indentations differ from
the threads 16 illustrated in FIG. 1 which are regularly
formed with a predetermined pitch.

The cores 10 and 12 of FIGS. 1 and 2, respectively, in
accordance with the teachings of this invention, are
adapted to be formed of high tensile strength steel and
function as reinforcements in rod constructions having
an overlying coating or shell of glass-reinforced resin,
thereby affording the steel cores superior corrosion
resistance. Such reinfroced rod constructions are to be
used in environments where engagement with corrosive
gases and liquids is to be expected. Thus the reinforced
rod constructions of this invention are particularly
suited for downhole used in oil fields in which applica-
tion of great tensile strength is required in addition to
COrrosion resistance.

In accordance with my invention, the threads or
recesses of the rods 10 or 12 which are employed as
reinforcing cores in the reinforced rod construction
serve as anchoring devices for overlying layers of glass
filaments. The tensile strength of glass filaments is
known to be extremely high, glass fibers having tensile
strengths of between 250,000 to 400,000 p.s.i. Accord-
ingly, by enveloping the reinforcing steel cores 10 or 12
with longitudinal layers of glass filaments arranged
along the length of such metal cores, the tensile strength
of such filaments will be directly utilized when the
resulting rod construction is placed under tension.

Pursuant to the method of rod fabrication hereinafter
set forth in detail, a longitudinal sock of untwisted glass
filaments, such as sock 18 illustrated in FIG. 3, is first
disposed about the outer periphery of the reinforcing
metal core 12 and tied down at opposed ends to project-
ing posts 22 of opposed clamp plates 20 abutting against
opposed ends of the core 12. It should be noted that in
FI1G. 3, illustrated reinforced rod construction 26,
shown partly broken away, is in an intermediate stage of
construction and a spiral, roving glass layer 25 (see
F1G. 9) is illustrated in the process of being applied to
the periphery of the partially formed rod over longitu-
dinal layer 18 as the rod 1s turned by the opposed clamp
plates. Following the tying down of the sock 18 at
opposed ends, it is saturated with a hardenable resin
composition which may be applied thereover; such
composition by way of example may comprise epoxy
resin in admixture with a hardener comprising triethyl-
enetetramine.

Following these initial steps the core 12 is rotated by
the clamping plates 20 which frictionally or otherwise
engage the core ends therebetween. The plates may be
mounted for rotational movement in a lathe, and as seen
in FIG. 3, the left end of the assembly may be rotatably
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driven by chuck 23, and end 22 of opposed plate 20 may

be rotatably mounted in a supporting bearing, not illus-
trated.

In the course of rotational movement, a spiral layer
25 of glass roving 24 is wound tautly about the rotating
core 12 and longitudinal sock 18. The sock filaments are
urged into the recesses or indentations 14 of the core 12
so as to Increase still further the tension therein. By
imparting additional tension to the filaments of the sock
18, the strength of the ultimate rod construction is in-
creased since any tension exerted along the longitudinal
axis of the completed rod 26 is reacted to not only by
the central metal core reinforcement 12 but also fully by
the longitudinal filaments comprising the sock 18. Thus
optimum use is made of the high tensile strength of the
longitudinal glass filaments.

It will be noted from FIG. 3 that the spiral roving 24
may be unwound from a reel 30 which may move along
the length of the partially completed rod 26 as the same
is rotated and axially driven by means of a threaded
shaft 34 or the like in a manner well known in the art.
The reel may move along track 32 and be reciprocated
by a reversible motive means, not illustrated, which
drives shaft 34. It will be noted, in addition from FIG.
3, that in the course of being unwound from reel 30, the
glass roving filaments 24 passing from the reel 30 onto
the periphery of the partially formed rod 26 are satu-
rated by dispenser 38 with a hardenable resin composi-
tion such as a composition comprising twelve parts of
epoxy resin to one part of a hardener such as triethyl-
enetetramine. Thus the roving 24, upon reaching the
periphery of the partially formed rod 26, is resin-
saturated.

As above noted, the longitudinal roving filaments,
following disposition about the periphery of the metal
core 12 and about the periphery of the underlying par-
tially formed portion of the rod 26, are also saturated
with the same resinous composition; or, in an alternate
method of application, the longitudinal socks may have
the resinous material painted thereon following dispo-

sition on the outer periphery of the partially formed rod
as the same rotates.

- Following butldup of the rod 26 to a desired diame-
ter, such as illustrated in FIG. 4, the resin therein is
allowed to initially cure at substantially room tempera-
ture or slightly thereabove (80° F. —100° F.) for about
fifteen to thirty minutes so as to assure an initial resin set
and the absence of any relative movement between the
‘central metal core and the surrounding glass-resin shell.
After the initial resin set or cure has occurred, the re-
sulting rod construction may be cured at an elevated
temperature of about 200° F. to 250° F. for between
about thirty minutes and an hour. After final cure, the
opposed anchor plates 20 may be cut free from the
interposed formed rod and the opposed rod ends
ground smooth about their exterior periphery and at
their terminal ends. To facilitate disengagement be-
tween rod 26 and end plates 20, the inner faces of the
plates may be coated with wax or other parting agent
prior to clamping the core ends therebetween.

The opposed ends of such a reinforced rod construc-
tion may have male threads formed integrally thereon
as by means of male thread mold 40 illustrated in FIG.
7. FIG. 5 illustrates a completed rod construction 26
having male threads 42 formed about the left end por-
tion thereof, the mold 40 being disposed about the right-
hand portion thereof in the normal process of thread
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way of example, may comprise 100 parts of epoxy resin,
12 parts of a hardener such as triethylenetetramine
based upon the weight of the resin, 30 parts per weight
of the resin of a silica powder which may be 200 mesh,
and 2 parts per 100 parts by weight of the resin of a
thixotropic agent such as that sold under the brand
name of CAB-O-SIL. In the process of having the

threads formed on the opposed rod ends, a hardenable

epoxy resin composition may be applied to the opposed
rod terminal ends to insure a continuous protective shell
of hardened resin about the centrally disposed metal
core.

The rod 26 of FIG. § having male threads 42 formed
on opposed pen ends thereof may engage opposed fe-
male threads 44 of coupling 46 illustrated in FIG. 10.
Coupling 46 is illustrated in section in FIG. 10 which
reveals details of the construction thereof. The interior
tapered female threads 44 formed by means of threaded
nipples 48, the male threads of which serve as the thread
forms and are coated with a separating agent such as
paraffin wax layer 49 prior to the buildup thereover of
alternate layers of spiral roving and longitudinal roving.

As above noted, the rod main body portion may have
the innermost glass layer comprise a longitudinal sock
which is drawn into the thread recesses or depressions
by means of an overlying spiral roving layer for pur-
poses of increasing the tension on such longitudinal
glass rovings and thereby obtain optimum benefit from
the tensile strength thereof. However, in the formation
of the female threads 44 of the coupling 46 about the
male threads of the nipples 48 illustrated in FIG. 10, the
roving initially applied to the male threads 48 may com-
prise spiral roving saturated in epoxy resin whereby the
hoop strength of the resulting female threads may be
increased. In the process of coupling formation, after
approximately one-half of the thickness of the coupling
has been completed, a preformed cylinder may be
wedged over the partially finished periphery, or a metal
plate may be bent snugly about the periphery of the
partially formed coupling and welded in place. Result-
ing ring 50, illustrated in FIGS. 8 and 10, serves as a
rigidifying base or anchor for the adjacent spiral fila-
ments and epoxy matrix forming the female threads 44,
greatly improving the shear strength thereof. When
inserting the reinforcing cylinder or welded plate in
place, it is desirable to harden the partially completed
rod first and following plate or ring insertion the re-
mainder of the rod outer periphery may be completed.

FIG. 8 is illustrative of a rod made in accordance
with the teachings of this invention which may have

- one end formed with male threads 42 thereon and an

535

65

formation from a plastic resinous mass. The latter, by -

opposed end having female threads formed in a cou-
pling portion thereof. In FIG. 8, the male threads 42 are
disposed on the right end of the rod and female cou-
pling 43 having internal female threads is formed on the
left end of the rod.

FIG. 6 1s a sectional view illustrating the manner
whereby such a rod 54 may be formed. In FIG. 6
threaded form 10 disposed on the right-hand portion of
the figure is in end-to-end abutting relationship with a
nipple 56 having tapered male threads 58 thereon for
purposes of forming female threads 60 in the resulting

- coupling end portion 43. Interface 62 between the abut-

ting end of the high tensile strength rod 10 and the
nipple 56 has a parting agent such as paraffin wax

-coated thereon so as to assure ready threaded with-

drawal of the nipple 56 after the female threads have
been formed. The ends of the reinforcing core 10 may
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have a hardened layer of resin applied thereover prior
to use in the process for insuring complete encapsula-

tion and resulting corrosion resistance. It will be noted
from FIG. 6 that a spiral ring or band 51 is employed in

the coupling portion for purposes of functioning as an
anchoring base for the formed female threads 60 formed
about the nipple 56 and composed of spiral roving and
epoxy resin. Following buildup of the body portion of
the rod 54 to the desired dimensions and the buildup of

the coupling portion 43 to the desired dimensions, the 10

resulting assembly of FIG. 6 is cured at slightly above
room temperature, about 100° F. to assure a set of the
epoxy resin without causing relative movement be-
tween the metal core 10 and the surrounding glass-resin
body whereafter a final cure at an elevated temperature
of between 200° F. and 250° F. is effected until the
desired hardness is assured. Such curing method avoids

15

the formation of internal fissures and gaps which would

serve as focal points for failure when the rod is placed
under stress, and assures a gap-free integral core-shell
construction. - -

In accordance with this invention, the steel core in-
sert is preferably of high tensile strength, such as high
carbon steel designated “4130”. It has been found that
by inserting a high tensile steel core, the strength of a
sucker rod is increased substantially. By way of exam-
ple, the flexural modulus of a sucker rod composed of a
resin-glass-reinforced rod 1}inches in diameter and hav-
ing no steel reinforcement was increased from 4.6 X
10° p.s.i. to 6.2 X 106 p.s.i. when a § inch high tensile
steel rod insert of 4130 steel was employed in a rod
construction made in accordance with this invention
having a total diameter of 1} inches. It is apparent that
the dimensions of the final rod construction may vary to
suit the particular purpose for which designed, and the
dimension of the reinforcing core may also vary for
purposes of providing the desired strength characteris-
tics. |

It should be appreciated that the high tensile steel
core employed in the above-described sucker rod appli-
cation for use in oil fields does not merely provide rein-
forcement but, in addition, rovides additional weight to
avoid whiplash or excessive flexing which would occur
in the course of reciprocating a lighter weight rod com-
posed wholly of glass-reinforced plastic, such as a novel
rod hereinafter described in detail. |

The presence of the steel core also provides desired
rigidity which prevents flexing and resulting fatigue
which would occur in a glass-reinforced resin rod hav-
ing no steel rigidifying core. |

In addition, by virtue of the indented or recessed
nature of the periphery of the reinforcing cores em-
ployed in the rods of the provided invention, the longi-
tudinal glass-reinforcements are placed under additional
tension as the overlying spiral reinforcements force
such longitudinal glass filaments or roving to enter into
the threads or recesses of the core. As a result, full
advantage is obtained of the high tensile strength of the
glass reinforcements. Since such sucker rod and equiva-
lent applications are mainly subjected to tensile forces,
optimum use is made of the longitudinal glass filament
reinforcements. |

The epoxy threads formed in accordance with the
teachings of this invention have great shear resistance,
the resistance being greatly assisted by the adjacent
disposition of the anchoring metal annulus with respect
to the female threads above described. In accordance

with this invention, in the instance of rod constructions
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| rotate.

of sufficiently large dimensions, the male threads may

also be formed adjacent a steel bent plate or annulus
which is embedded in the rod body beneath the male

‘threads formed thereover. Thus in accordance with this

invention, the right-hand portion of rod 54 illustrated in
FIG. 8 may also have an annular plate similar to plate 50
of FIG. 10 formed beneath the male threads to reinforce
said male threads 42 against axial shear. Also, to obtain
maximum anchoring of the plate members employed for
reinforcing purposes in the provided invention, plate S0
may have projections 47 (FIG. 6) disposed on opposed
faces thereof to assist in anchoring the plate in the body
of the coupling or rod which is integrally formed.
The foregoing description has been specific to a rod
construction and method of manufacturing the same in
which a reinforcing core is centrally disposed in the rod

formed. In those applications in which the added

weight and strength of a steel core is not necessary or
desired, a glass-reinforced-resin rod construction may
be formed without a core reinforcement. |
In such a method of rod manufacture, the rod central
core comprises longitudinal glass filaments which are
placed under tension. Thus in FIG. 12 a longitudinal
assemblage 70 of glass filaments saturated in a curable
resin mixture such as epoxy resin and triethylenetramine
is clamped in opposed jaws of the chucks 72 and the
chucks may be moved apart as by the hydraulic units 74
illustrated in FIG. 15 to place the filaments of the inter-
posed assemblage 70 under tension. The tensioned fila-
ments are then rotated by means of motors 76 con-
nected to the opposed glass-anchoring chucks 72. The
motors rotate the opposed assemblage end portions in
the same direction of rotation -at exactly the same speed
of rotation whereby the longitudinal filaments 70 re-
main straight, untwisted and under tension. During
rotation, spiral filaments 78 and 80 (see FIGS. 11 and
12) are unwound from rotatable reels 82 and 84, respec-
tively, which are moved along the length of the rotating
assemblage 70 by motor driven screws 86 or equivalent
motive means forcing the opposed reels 82 and 84 to
move at desired and substantially identical linear
speeds. Friction brakes or equivalent means may be
employed to insure the application of the spiral wind-
ings of the filaments 78 and 80 under desired tension to
the periphery of the assemblage 70 as said filaments are
unwound from rotatable reels 82 and 84. The latter reels
are rotatably mounted on flanged, non-rotatable sup-

ports 84 which are forced to move along the screw

shafts 86 on which they are threadedly mounted but
unable to rotate therewith because of interconnecting
strap 88 secured to flange portions of the supports 84.
Thus as the shafts 86 rotate, the supports 84 are axially
driven along the length of assemblage 70 and filaments
78 and 80 played out under tension as the reels 82 and 84

Referring to FIG. 12, it will be noted that the reels 82
and 84 are substantially directly opposed and accord-
ingly any pull exerted on the assemblage 70 by the spiral

filaments 78 or 80 is neutralized by the pull of the op-

posed spiral filaments. To enable the filaments to be
simultaneously wound about the assemblage from the
opposed reels 82 and 84, the filaments must approach
the rotating assemblage 70 so as to be substantially op-
positely disposed at the points of peripheral engagement
with assemblage 70 in the manner illustrated in FIG. 12.
The filaments are wound in overlying layers and engage
assemblage 70 at adjacent points as also illustrated in
FIG.12.
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All filaments are saturated with a hardenable resin
composition at the time of application, passing through
a resin bath or have resin dispensed thereon as by a
dispenser 38 illustrated in FIG. 3 at substantially the
instant of application to the periphery of assemblage 70.
After the spiral wrap of FIG. 12 is applied, a new longi-
tudinal assemblage is applied thereover and tensioned,
and the above-described procedures repeated until a
rod of desired dimensions has been built up. Subsequent

5

longitudinal assemblages may be tensioned by means of 10

concentric tenstoning means arranged about chucks 72,
which assemblages are tied down onto the surface of the
already completed rod by spiral wraps, or subsequent
assemblages may also be engaged by the chucks 72
which are again tensioned after engagement with each
longitudinal assemblage and the partially completed
rod. The final rod section is as appearing in FIG. 13
comprising alternate longitudinal and spiral glass layers
184 and 254, respectively, embedded in a resin matrix.
After an annular reinforcement such as ring 50 or §1 has
been set in place, a hardenable epoxy resin paste may be
formed thereabout to insure the absence of any voids
between the reinfrocement and the underlying partially
- formed rod or coupling.

The tensioned longitudinal glass filaments of the re-
sulting rod 90 afford such resulting rod excellent tensile
strength and the rod as a whole possesses superior cor-
rosion resistance. Male and female threads may be
formed on opposed ends in the manner above described
with respect to the rods having core reinforcements.
Thus rod 92 of FIG. 16 having no central metal core has
opposed threaded male and female ends 94 and 96, re-
spectively, whereas rod 98 of FIG. 17 has opposed male
ends 99 for engaging the female threads of a coupling
such as coupling 46 of FIG. 10. The rods 90, 92 and 98
having no steel reinforcing core are lighter in weight
than the previously described rods of the type illus-
trated in FIGS. § and 8 of the drawings, but while pos-
sessed of lesser flexing strength possess equal, if not
superior, corrosion resistance and are intended to serve
those applications where the properties of lightness in
weight, high tensile strength and corrosion resistance
are desired.

In view of the many. modlficatmns which may be
made in the invention as above indicated, it is intended
that this invention be limited only by the scope of the
appended claims.

I claim:

1. A method for forming a solid rod construction of
high tensile strength, comprising winding a resin-
saturated spiral layer of filaments of high tensile
strength under tension transversely to an innermost
rotating longitudinally arranged assemblage of substan-
tially parallel filaments of high tensile strength under
tension; said filaments being of substantially equal
length; winding said spiral layer in discrete strata ini-
tially contacting substantially oppositely disposed pe-
ripheral portions of said rotating longitudinal assem-
blage; said spiral strata being wound in the same direc-
tion of rotation while having the forces tending to urge
such assemblage into a non-linear condition exerted on
said longitudinal assemblage by said strata substantially
oppositely disposed to each other; each of said discrete
strata of said spiral layers being would simultaneously
and in adjacent relation along the length of the longitu-
dinal assemblage of substantially parallel-filaments so as
to exert substantially opposite forces on the rotating

longitudinal assemblage whereby the latter assemblage
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remains substantially linear along its entire length dur-
ing rod formation; and applying additional layers of
substantially parallel longitudinal and transverse fila-
ments of high tensile strength alternately, under tension,

until a rod of desired dimensions is formed; said parallel
filaments and spiral filaments being saturated with said
resin so as to define a solid, substantially void-free rod
construction.

2. The method of claim 1 in which said filaments of
high tensile strength are glass filaments.

3. A method for forming a solid rod construction
comprising applying longitudinal filaments of high ten-

sile strength under tension about the periphery of a solid

rod core having high tensile strength and spaced surface
indentations, said filaments being arranged substantially
parallel to the longitudinal axis of said core; anchoring
opposed end portions of said filaments under tension;
said filaments being in engagement with the periphery
of said core in the tensioned, anchored condition; in-
creasing the tension in said longitudinal filaments by
winding spirals of filaments of high tensile strength

- under tensioa transversely to the axis of said core so as
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to urge the longitudinal filaments into the core surface
indentations; impregnating said longitudinal and spiral
filaments with a curable resin whereby a substantially
void-free relation is assumed between said core and an
overlying shell defined by said filaments, applying addi-
tional alternate layers of resin-impregnated longitudinal
and spiral filaments of high tensile strength under ten-
sion until said core indentations are filled and a cylindri—
cal rod of desired dimensions is formed, and curing said
resin with said filaments in the tensioned state mto a
solid, substantially void-free rod.

4. The method of claim 3 in which said resin is cured
at substantially room temperature until said resin is set,
continuing the cure at an elevated temperature con-
trolled so as not to effect relative movement between
the core and reinforced resin covering whereby an
integral rod construction free of fissures and internal
voids is assured.

5. The method of claim 3 in which an annular rein-
forcement, concentric with said core axis, is embedded
in one end of said rod reinforced shell adjacent a core
end limit, and female threads are formed about the inner
periphery thereof adjacent the reinforcement whereby
the shear strength of said female threads is improved.

6. The method of claim § in which male threads are
formed about the external periphery of the rod end
0pposed to said one end by molding a hardenable epoxy
resin composition thereover with the assistance of a
male thread form.

7. The method of claim 5§ in which a female thread
form is placed adjacent one end of said core end limit
whereafter female threads are formed thereover: said
annular reinforcement being formed about said formed

- female threads, and hardenable epoxy resin is packed

635

into the interval between the inner periphery of said
annular reinforcement and said underlying rod portion
to insure the absence of voids therebetween.

8. The method of claim § in which said annular rein-
forcement comprises a plate of high tensile steel which
is formed about a female thread form abutted against
one end of said core after female threads have been
formed over said form. |

9. The method of claim 8 in which said plate is
welded snugly about the female threads which have
been formed about the thread form and has projections
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formed on at least one surface thereof to embed said  steps of forming male and female threads of curable
plate in the reinforced shell of said rod. @~ resin on the opposed ends of said rod construction.
10. The method of claim 3 in which said core com- 12. The method of claim 16 in which said filaments of
prises a steel rod. | high tensile strength are glass filaments.
11. The method of claim 3 in combination with the 5 L
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